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In all ryegrass breeding programmes it is necessary to select a range of traits within 
different cultivar types, varying in ploidy and flowering time. The traits selected 
in ryegrass breeding can be broadly grouped into production traits such as yield, 
quality and persistency; those seed production traits crucial for delivery of the 
cultivar, as well as those traits that can benefit the environment, or allow ryegrass 
to be used for biofuel production. The emphasis placed on each trait will depend 
on its economic value within the various farming systems where each cultivar will 
ultimately be used, as well as the potential to make genetic gain in each trait. In all 
cases multiple trait selection will be required, to develop a cultivar improved for 
key traits of interest but importantly the cultivar must not have unacceptable per-
formance for any trait. Where the genetic variation is inadequate within perennial 
ryegrass it may be necessary to enhance ryegrass diversity. In the future this could 
be achieved through targeted introgression from the closely related Festuca spe-
cies, or through introduction of genes via genetic modification. Funding of ryegrass 
breeding internationally will increasingly be subject to the economic success of 
a few larger seed companies as Government funding for field-based breeding is 
diminishing and shifting focus to more basic research, often of a molecular nature. 
Ensuring this expensive basic research and associated molecular technologies are 
used effectively in ryegrass breeding programmes will remain a challenge when 
seed companies operating field-based programmes are vulnerable to considerable 
economic pressure.
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Introduction
The question of prioritising traits under 
selection in ryegrass breeding programmes 
is not always simple, because each cultivar 
must have excellent performance for a 
multiplicity of factors, and importantly 
must not have unacceptable performance 
in any. A cultivar may be used in different 
regions and different farming systems, 
as well as in pure or mixed swards with 
legumes. In the various farming systems 
there are also roles for different ryegrass 
species and types, from perennial ryegrass, 
hybrid ryegrass, Italian ryegrass (biennial) 
through to westerwolds ryegrass (annual), 
each varying in maturity date, ploidy level, 
seasonal growth pattern, forage quality 
and persistency. 
The forage breeder’s goal is to develop 
cultivars that will improve animal perfor-
mance on farms. However, perennial culti-
vars need be able to persist under the local 
climatic extremes, cope with pests and 
diseases, as well as having adequate seed 
yield for competitive commercial delivery. 
The breeder must also work within the 
prevailing regulatory environment, as well 
as the changing economic and funding 
conditions. 
Access to suitable germplasm or genet-
ic variation for the trait of interest is 
crucial and suitable variation is not always 
available within the species. Although 
genetic modification allows us to transfer 
genes from any other life form, this is 
not a viable option in many countries for 
regulatory, funding or public perception 
reasons. 
In countries where cultivars may not be 
sold without first going through a com-
pulsory Recommended or National List 
evaluation system, the traits that a breeder 
needs to select for are strongly dictated by 
the testing system. In addition the authori-
ties may not measure, or not have the 
resources to measure, more complex traits 
which could be important in some on-farm 
situations. This is particularly true for per-
sistency under grazing where animals are 
not utilised within these mandatory evalu-
ation systems. They may also only carry 
out trials to simulate certain farm manage-
ment systems and ignore other systems. 
The desirable traits selected for in 
ryegrass breeding programmes can be 
broadly divided into those that influence 
production: forage yield, forage quality 
and persistency, those that affect seed 
production traits crucial for delivery of 
the cultivar, and those that influence the 
environment. The majority of production 
traits have been core breeding targets 
since modern ryegrass breeding began, 
but in recent years breeding to minimise 
environmental impacts has become very 
important, as agricultural practices have 




One of the major objectives of all forage 
breeding programmes is improving for-
age yield. This is not as simple for pasture 
as for single harvest grain crops, where 
harvest index can be improved. Pasture 
harvest involves the near total removal of 
above ground biomass with consequent 
loss of photosynthetic capacity, and there 
is a demand for a continuous supply of fod-
der throughout the year. Small increases in 
winter or early spring production may be 
worth disproportionately more than total 
spring production. McEvoy, O’Donovan 
and Shalloo (2010) have reported that 
winter yield is worth up to 5 times the 
value of spring and summer yield in Irish 
dairy systems. For this reason breeding for 
an appropriate seasonal yield must take 
precedence over total annual yield, and 
testing systems need to reflect this.
 STEWART AND HAYES: RYEGRASS BREEDING – BALANCING TRAITS 33
In New Zealand, winter growth has 
always been valuable as temperatures are 
milder than in the UK and Ireland. Such 
winter activity has been achieved in many 
pasture species in New Zealand by the 
incorporation of Mediterranean germ-
plasm (Stewart 2006). Care must be taken 
with breeding for winter growth in regions 
where cold winters occur, and a balance 
must be struck between the level of winter 
growth and winter hardiness. It is possible, 
though, to combine strong early spring 
growth with a suitable level of winter 
hardi ness even for colder winter regions. 
The time of heading of a cultivar can 
have a large effect on the timing of early 
spring growth and overall yield. Any ben-
efits in seasonal and total yield due to 
early flowering must be balanced against 
the decline of mid-season quality and 
poorer persistency frequently observed 
with early cultivars in Ireland (Brereton 
and McGilloway 1999). It is likely that 
with some breeding effort these deficien-
cies can be overcome.
The general trend in climate warming 
may allow more winter active cultivars to 
be used in the European region than in the 
past, but care will be required that winter 
hardiness is maintained for the occasional 
very cold winter. Although recently the 
possibility has been suggested that Europe 
will experience more frequent, severe 
winters as either the Gulf Stream contin-
ues to weaken (Seager et al. 2002; Minobe 
et al. 2008) or the effects of Jet Stream 
blocking intensify (Woollings 2010).  
The genetic gain in annual dry matter 
(DM) yield of perennial ryegrass has been 
estimated from cutting trials in Europe 
and New Zealand as around 4 to 5% per 
decade, but less than 1% in the USA, 
where there is little perennial ryegrass 
breeding activity. Gains in seasonal yield 
may differ considerably reflecting the 
different breeding priorities. When the 
perennial nature of pasture is considered 
these genetic gains compare favourably 
with those achieved on major crops where 
there are more resources and a simple 
single-harvest (Woodfield 1999; Easton 
et al. 2002; Wilkins and Humphreys 2003; 
van der Heijden and Roulund 2010).
Forage quality
The ability of a cultivar to influence ani-
mal performance is not only related to 
feed quantity, but also to the metaboliz-
able energy available to the animal, and 
any factor that can increase animal intake. 
This is often very complex, reflecting the 
dynamics of rumen digestion of cell wall 
components and cellular contents, and 
any factors that can reduce feed transit 
time through the rumen. Feed quality also 
varies enormously with flowering behav-
iour, clover content, leafiness, diseases, 
growth rate and many other management 
related factors. Although the genetic vari-
ation of many quality factors is small 
compared to the environmental compo-
nent, any advance in quality of a cultivar 
is valuable. 
Metabolizable energy is prohibitively 
expensive to measure directly on cul-
tivars so more simple approximations 
are commonly determined on herbage 
in most pasture research. These usually 
involve data where previous experiments 
have been used to calibrate digestibility, 
neutral detergent fibre, acid detergent 
fibre, protein, starch, lipid, water soluble 
carbohydrates (WSC), fatty acid profile 
and many other quality related factors, 
often using near infrared spectroscopy. 
One of the primary determinants of 
digestibility in all grasses relates to the 
decline in quality as flowering progresses. 
The timing of heading influences both the 
timing of this decline in quality and the tim-
ing of the spring growth flush. Effective use 
of a range of grasses with differing heading 
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dates enables farmers to set up farming 
systems where seasonal feed availability 
more effectively meets animal demands. 
Often this will involve the additional use of 
brassica crops to both fill feed gaps and to 
enable the economic renewal of pasture.  
Heading date also needs to be compat-
ible with achieving an economic seed yield 
in the seed production region. For exam-
ple, in New Zealand it is not possible to 
produce competitive seed yields from very 
late heading European perennial grasses.
The quality of ryegrass pastures once 
the flowering period is over – often termed 
mid-season quality – can be extremely 
important in many farming systems. This 
can be influenced by aftermath flowering 
in summer, and breeders normally select 
for minimal aftermath flowering behav-
iour to maximise digestibility. Reduced 
aftermath flowering can also enhance 
persistency, as cultivars with a high pro-
portion of reproductive tillers are often 
vulnerable to poor recovery from grazing 
(Fulkerson and Donaghy 2001), but can 
also reduce the ability to reseed which 
may be important in some extensive farm 
systems.
Even in cultivars with no aftermath seed 
heads, the forage quality in mid-season can 
vary considerably, usually due to the ratio 
of plant parts, particularly leaf to psue-
dostem ratio, tiller size and other factors. 
In Ireland, late flowering cultivars gener-
ally have a higher proportion of green 
leaf and less pseudostem in the grazing 
horizon than intermediate flowering cul-
tivars, resulting in a higher digestibility, 
greater DM intake and milk production 
(O’Donovan and Delaby 2005).
In pure ryegrass systems, where mid-
season quality is a driver of production, 
this trait should be selected by breeders 
and progress evaluated in the cultivar test-
ing systems. However, in mixed ryegrass 
and clover systems the clover content may 
potentially offer a larger improvement in 
quality than the small quality differences 
among cultivars.
The ploidy level of cultivars also influ-
ences forage quality, with tetraploids hav-
ing larger cells and a higher ratio of 
cell content to cell wall resulting in a 
lower DM concentration. Typically, ani-
mals must consume more fresh weight 
of tetraploid cultivars to obtain the same 
intake of dry matter as from diploids. In 
pastures of similar digestibility, tetraploid 
perennial ryegrass cultivars have often, 
but not always, been shown to increase 
feed intake by 3 to 5%, with at least a 
similar improvement in animal produc-
tion (van Bogaert 1975; Connolly, Riberio 
and Crowley 1977; Hageman et al. 1993; 
Vipond, Swift and McClelland 1993). 
The value of these forage quality 
factors in tetraploids must be balanced 
against forage yield, as most of the tet-
raploid cultivars available today in the 
UK offer little advantage over diploids 
because they lack the yield and mid-
season quality of the leading diploid cul-
tivars (NIAB Recommended List 2009). 
Similarly, studies have shown that cattle 
may require more supplemental con-
centrates when reared for beef or milk 
production on current tetraploids rather 
than leading diploids (O’Donovan and 
Delaby 2005; Orr et al. 2005). However, 
in other countries, such as New Zealand, 
the leading tetraploid cultivars have com-
petitive yields when compared to the 
leading diploids.
Breeding a ryegrass that allows more 
clover in the sward would be important for 
increased forage quality but little ryegrass 
breeding has been done for this charac-
teristic. It is known, however, that some 
grasses, such as timothy and tall fescue, 
allow a greater proportion of white clover 
than ryegrass, and that this contributes to 
an increase in milk production (Thomson 
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and Kay 2005). If this were due to less 
mid-spring suppression of clover, then 
breeding a ryegrass to maximise clover 
proportion may be possible, but it is clear-
ly more complex than the challenge facing 
clover breeders who regularly breed and 
test their clover germplasm in ryegrass 
swards and select strongly for clover pro-
portion (Evans, Williams and Evans 1996; 
Woodfield 1999; Abberton and Marshall 
2010; Annicchiarico and Proietti 2010).  
One of the few forage breeding pro-
grammes in the world to sustain pro-
longed focus on a single forage quality 
trait has been at IBERS in the UK. That 
programme has been focussed on fructan 
accumulation to increase WSC concen-
tration in ryegrass, and this has resulted 
in a commercial range of “high sugar” 
grasses such as AberDart, AberMagic and 
AberGreen (Wilkins 1998; Wilkins and 
Lovatt 2007; Wilkins et al. 2010). Similarly, 
in New Zealand, the cultivar Expo has 
been developed with high WSC concentra-
tion (Easton et al. 2009; Rasmussen et al. 
2009; Stewart et al. 2009).
Water soluble carbohydrates consist of 
simple sugars and longer chain fructans 
which act as major storage carbohydrates 
in grasses. Their levels depend on a wide 
range of factors, including the plant part, 
ploidy level, plant maturity, diurnal and 
seasonal effects, temperature, light inten-
sity, growth rate, endophyte, water status, 
as well as the inherent differences between 
cultivars. Application of N fertiliser allows 
more rapid growth, and thus tends to 
result in lower levels of fructan accumu-
lation. Fructan accumulation is greatest 
when swards are allowed to accumulate 
higher herbage mass, such as silage crops, 
with levels lower under very frequent graz-
ing (Pollock and Cairns 1991; Rasmussen 
et al. 2008). 
In New Zealand, where frequent graz-
ing is commonly practiced, expression of 
WSC in cultivars bred for elevated WSC 
is frequently no different to normal types 
(Francis et al. 2006; Smith 2008; Allsop, 
Nicol and Edwards 2009) or only weakly 
expressed (Bryant et al. 2009; Cosgrove 
et al. 2010). It is expressed more under the 
longer cutting intervals of silage and bio-
fuel crops, where it is valuable for silage 
fermentation and for biofuel extraction. 
Animal grazing of pure swards with 
high versus low concentrations of WSC, 
have shown increases in animal perfor-
mance over unselected cultivars in some 
trials but most trials have yielded non-
significant animal performance advan-
tages (Edwards, Parsons and Rasmussen 
2007; Marley et al. 2007; Cosgrove et al. 
2010; Parsons et al. 2010). 
New selections with even higher levels 
of WSC continue to be developed, largely 
for biofuel purposes, as ruminants run the 
risk of acidosis in the rumen if levels are 
excessive and horses frequently succumb 
to laminitis when WSC concentrations are 
high (Longland and Byrd 2006). Further 
research will be required to determine 
the safe limits for WSC under a range of 
on-farm conditions for both horses and 
ruminants. 
It is clear that there are many fac-
tors involved in improving the quality of 
ryegrass cultivars. It is likely that breeders 
will have to target multiple traits to ensure 
that cultivar improvements will consistent-
ly lift animal performance on farms. 
Forage persistency 
It is important that perennial cultivars per-
sist in pastures and data from the UK show 
that, in general, modern cultivars have 
greater persistence than older ones (Camlin 
1997). Many factors can be involved in lack 
of pasture persistency, pasture thinning and 
failure, only some of which may be genetic. 
Cultivars are known to vary in persistency 
and one of the factors that provides a 
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ryegrass cultivar with more capacity to 
survive adverse conditions and better per-
sistence is high tiller density (Camlin and 
Stewart 1978; Wilkins and Humphreys 
2003), although this is often difficult for 
breeders to combine with high yield poten-
tial (Gilliland and Mann 2001). 
Almost all germplasm used in breeding 
programmes today originates from plants 
from old persistent pastures, although 
many may have been subjected to a 
number of cycles of crossing and selection. 
Usually persistency is determined by the 
stability of DM yield of a cultivar over a 
number of years, and generally grasses 
that persist under frequent close cutting 
persist well under grazing (Wilkins and 
Humphreys 2003).  
Cultivars must have adequate tolerance 
to the extreme stresses occurring on farms, 
such as winter cold stress, summer drought 
stress, intense defoliation, and treading 
damage. In Europe winter hardiness has 
long been crucial for persistency, while in 
New Zealand, summer drought tolerance 
is integrally associated with endophyte-
mediated pest tolerance. 
In situations where pests damage pas-
ture it is necessary to breed cultivars 
resistant to, or tolerant of, these pests. 
This may include genetic resistances and/
or endophyte-mediated resistance. In New 
Zealand, insect pest damage usually mani-
fests itself during dry summer conditions 
when growth and tillering capacity are 
severely reduced. Under moist conditions, 
when ryegrass is actively growing, pest 
damage is usually less apparent, despite 
often being present. The pests involved 
include a number of both indigenous and 
introduced pests: porina (Wiseana cervi-
nata), grass grub (Costelytra zealandica), 
mealy bug (Balanococcus poae), root aphid 
(Aploneura lentisci), Argentine stem wee-
vil (Listronotus bonariensis), black beetle 
(Heteronychus arator), black field cricket 
(Teleogryllus commodus), Tasmanian grass 
grub (Aphodius tasmaniae), and grey field 
slug (Deroceras reticulatum).
The seed-borne endophytic fungus 
(Neotyphodium lolii), with which perennial 
ryegrass has co-evolved, produces a series 
of quite potent alkaloids that can provide 
substantial pest protection, significantly 
poorer animal production and, at times, 
ryegrass staggers (Easton 2007; Thom, 
Waugh and Minneé 2010). The influence 
of the endophyte on persistency varies 
depending on local conditions, but in pest 
prone environments of New Zealand endo-
phyte-free plants may fail to survive one 
summer (Hume, Cooper and Panckhurst 
2009; Popay and Thom 2009). Even in 
Ireland, where pest pressure is obviously 
much less, older pastures may contain a 
significant proportion of endophyte-infect-
ed plants, suggesting that it may provide a 
natural advantage, perhaps by protecting 
the plant from overgrazing by livestock, 
if not resistance to minor insect pests 
(Ribeiro et al. 1996). 
The discovery and commercialisation 
of the “safer” endophyte strains, AR1 
and AR37, have been a breakthrough for 
animal production and pest protection 
in New Zealand (Woodfield and Easton 
2004). However, pastures with “safer” 
endophytes appear to be more vulnerable 
to overgrazing than were the unpalatable 
“wildtype” endophytic pastures (Rennie, 
King and Bell 2010). 
Disease resistance
In general, perennial ryegrass has few 
major diseases that reduce forage yield, 
but resistance to crown rust (Puccinia cor-
onata) and, in some regions, Drechslera 
leaf spot (Drechslera siccans), mildew 
and rhyncosporium leaf spot is useful 
(Connolly 2001). Similarly, resistance to 
diseases of seed production, such as stem 
rust (Puccinia graminis), is also important. 
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Breeding for disease resistance can often 
be simply done in the field by removing 
susceptible plants but, for some diseases, 
the grass population is not reliably and uni-
formly exposed to the disease, and glass-
house or laboratory screening techniques 
may be employed. In some programmes 
molecular markers are being investigated 
for crown rust resistance (Thorogood et al. 
2001; Schejbel et al. 2007).  
Barley yellow dwarf virus and ryegrass 
mosaic virus are known to be widespread 
in older pastures and these may have 
a significant impact on performance 
and persistence and some breeding pro-
grammes have involved selection against 
them (Wilkins 1974; Wilkins and Catherall 
1977; Latch 1977; Webster et al. 1996). 
Seed delivery traits
Economic delivery of seed to farmers is 
crucial. Breeders report many instances of 
cultivars that have failed to be delivered 
successfully to farmers despite offering 
excellent or even exceptional production. 
A New Zealand example was the cultivar 
Tolosa that had exceptional forage yield 
but very poor seed production.
The most important trait involved in 
effective delivery is undoubtedly seed 
yield and, in New Zealand, endophyte 
infection levels. Seed yield can be influ-
enced by many factors, including heading 
date, shattering resistance and resistance 
to stem rust, response to fungicides, N 
fertiliser input and growth regulators 
(Elgersma 1990). In New Zealand, where 
novel endophytes are used, it is often nec-
essary for the breeder to co-select ryegrass 
to enable high transmission of endo-
phyte into seed (Easton 2007). Although 
seed crop management techniques have 
improved (Rolston, Chynoweth and 
Stewart 2006; Rolston et al. 2007) a culti-
var still needs to have a competitive seed 
yielding ability. In the future, marker 
assisted selection may offer potential to 
improve seed yield within forage crops 
that are otherwise difficult to improve 
(Armstead et al. 2008).
Environmental and biofuel traits
Nitrogen in the environment is of con-
cern, particularly in drinking water. In 
many farming regions part of the applied 
N fertiliser, N in animal urine and indeed 
from any source, including clovers, may 
be leached (Sprosen, Ledgard and Thom 
1977). This occurs primarily during 
winter, when rainfall is often high and 
temperature limits plant uptake and 
growth (Stewart 2001). The introduction 
of the nitrate vulnerable zones directive 
by the EU has raised awareness among 
European farmers of the importance of 
N fixed by legumes and the use of crops 
which have been bred for improved N 
utilisation. 
Breeding for N use efficiency and less 
leaching of N has become very important 
in the EU as regulations limit N fertiliser 
applications (Wilkins, Allen and Mytton 
2000). Increasing WSC increases the 
WSC/protein ratio leading to an increase 
in the efficiency of N capture in the rumen, 
leaving less N in the urine and less poten-
tial for N leaching into the environment 
(Merry et al. 2006). Unfortunately, this 
mechanism is not very effective in heav-
ily N-fertilised pastures, where it is most 
needed, but functions for low protein pas-
tures where it is least needed (Edwards 
et al. 2007; Abberton et al. 2008; Morgavi 
et al. 2010). In these situations intercept-
ing N before it is leached may be a better 
option by selecting for improvements in 
rooting depth (Crush and Nichols 2010). 
Phosphorous in the environment is of 
concern and phosphatic rock supplies are 
limited. In contrast to the leaching losses 
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of N, most losses of P are due to soil ero-
sion, and soil management practices will 
ultimately be more significant than plant 
factors in preventing losses. Breeding for 
P use efficiency, though, could be of con-
siderable value, more so for clover use 
than ryegrass. Unfortunately, breeding for 
P use efficiency in clover has been dif-
ficult to achieve (Caradus 1994) and this 
is also likely to be the case for ryegrass 
as well. There is also a risk that breeding 
for improved P utilisation in forages may 
reduce the availability of P to ruminants, 
which could increase the occurrence of 
hypophosphatemia related diseases, par-
ticularly in dairy cattle (Grünberg 2008). 
Greenhouse gas emissions (CO2 and 
N2O) are a concern for the environment. 
Internationally, greenhouse gases are 
largely the result of fossil fuel use, while 
in New Zealand the low population of 
people and the high number of rumi-
nants means emissions are largely from 
livestock, with a smaller component from 
on-farm energy use. 
The fossil fuel energy used to make N 
(or other) fertilisers is a major sustainability 
concern. Energy efficiency on many farms 
using high rates of N fertiliser can be very 
low when compared to mixed clover-based 
systems, which are usually much more 
resource efficient (Basset-Mens, Ledgard 
and Carran 2005; Andrews et al. 2007; 
Abberton et al. 2008) and profitable despite 
offering a lower animal production to those 
involving high rates of N (Clark and Harris 
1995; Humphreys, Casey and Laidlaw 2009; 
Woodfield and Clark 2009). It is clear that 
farms using high rates of N fertiliser devel-
oped from fossil fuels are unsustainable 
in the long term and breeding ryegrass for 
more efficient N use may help mitigate 
this slightly, but the “ecological footprint” 
would be much lower if clovers were to 
become the major source of N. 
Atmospheric CO2 levels are increasing 
in an unsustainable way from the burning 
of fossil fuels, from a mole fraction of 280 
ppm in pre-industrial times to 390 ppm in 
2010 (+39%), and is currently increasing 
by an alarming 2 ppm each year. The extra 
insulating effect on the earth contributes 
to the observed global warming. Elevated 
CO2 concentrations also increase pasture 
productivity, as experiments show that 
C3 grasses respond to elevation of CO2 
concentration by producing more biomass 
(Newton and Edwards 2006). Cultivars 
vary in their ability to utilise higher CO2 
levels and it is likely that part of the 
increase in pasture yield achieved through 
breeding has been due to adaptation to 
the higher CO2 levels of today.
Perennial ryegrass pastures in Europe 
are already harvested for biofuel pro-
duction, with substantial EU investment 
in biorefining infrastructure. Ryegrasses 
bred for large infrequent harvests are 
required although the quality parameters 
for biofuel production may be quite differ-
ent to those demanded for animal grazing 
or silage production.
The energy harvested from any biofuel 
crop needs to be much greater than the 
fossil fuel energy consumed during the 
manufacture of the N fertiliser and other 
inputs. Trials of new grasses, bred for this 
purpose at IBERS, have indicated annual 
yield and quality sufficient to allow a 
competitive cost of production. European 
countries developing or already running 
grass based biorefineries include: Ireland, 
Belgium, Austria, Denmark, Poland, 
Germany, the Netherlands and the UK 
(Charlton et al. 2009).
Farm and trial evaluation systems
Increasing animal production on farms 
is the ultimate goal, but the difficulty 
and prohibitive expense of measuring this 
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directly for each new cultivar means that 
practical indirect evaluation systems are 
used. These typically involve measuring 
the DM yield and forage quality in rep-
licated plot trials under a cutting man-
agement designed to simulate on-farm 
systems. Usually this is done at multiple 
locations around a region or country. In 
some evaluation systems it is necessary to 
simulate two (or more) farming systems, 
for example silage and grazing, as it is 
known that plant morphology and cut-
ting frequency may interact and influence 
quality and subsequent animal production 
(Hazard and Ghesquière 1997; Flores-
Lesama et al. 2006).  
Large-scale animal production trials 
have shown highly significant differenc-
es between cultivars under both grazing 
and conservation managements. These 
trials also demonstrated the importance 
of total yield, seasonal growth and quality 
in determining seasonal and total annual 
animal production (Connolly et al. 1977; 
Connolly 1979).
In some countries the management of 
official trials has now been standardised 
and regulated, often to such an extent 
that breeders’ trials will mimic the offi-
cial trials very closely. In these situations 
breeders are not motivated to select for 
traits other than those measured in such 
trials. If a breeder selects to improve 
additional traits, these must demonstrate 
clear, marketable added value to farm-
ers. Conversely, other countries lack any 
regulatory requirement, and even uncerti-
fied seed may be sold, sometimes under a 
cultivar name, to the detriment of the seed 
and livestock industries. 
The question of how best to evaluate 
cultivars must always be critically exam-
ined. The evaluation systems must not 
only be relevant to on-farm grazing sys-
tems, they must also provide clear moti-
vation to breeders to select for the most 
relevant traits. Furthermore, evaluation 
systems must be prepared to change to 
reflect any changing farm management 
practices (Gilliland et al. 2002; Conaghan 
et al. 2008). This can be particularly dif-
ficult when farm systems vary in their use 
of different cultivar types, grazing systems 
and clover management.
Although ryegrass yield and quality, as 
measured in cutting trials, are generally 
strongly associated with animal perfor-
mance, this may not always be the case. 
In some situations there are differences 
in ranking between the results from cut-
ting and grazing (Camlin and Stewart 
1975; Orr, Martyn and Clements 2001). 
Particular disparity may occur between 
trials and farm use when the cutting sys-
tem used allows a large herbage mass 
to develop while on-farm management 
involves grazing frequently or continu-
ously. Grazing trials are also run in some 
situations, but they are more complex and 
expensive. They will require animals and 
more complex yield assessment, such as 
pre-trim and post harvest measurements 
on rotating sub-samples of the plot.  
In mixed swards of ryegrass and clovers, 
or indeed with any herb or weed species, 
ryegrass is only one component of the pas-
ture ecosystem, and the factors driving ani-
mal production are naturally more complex 
(Lüscher et al. 2008). Lifting the harvest-
able yield and quality of this mixed-sward 
ecosystem, and hence the animal produc-
tivity, is much more difficult than breeding 
improved ryegrass cultivars for a ryegrass 
monoculture. For this reason the genetic 
gains for mixed-sward yield will usually 
be much less than in comparable single-
species situations (Frankow-Lindberg et al. 
2009). Understanding the interactions that 
occur in mixed swards is crucial to improv-
ing productivity in these systems.
In mixed ryegrass-clover swards it is pos-
sible for relatively small fluctuations in the 
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proportion of clover species to dispropor-
tionately influence animal production and 
outweigh small changes in ryegrass yield 
(Hyslop et al. 2000). Yield of the ryegrass 
component may be a poor predictor of 
animal performance in such circumstances, 
particularly when any additional ryegrass 
yield may suppress the clover. Breeding 
high yielding ryegrasses that are less aggres-
sive towards clover would be the ideal 
solution, but despite observations that the 
more open tetraploid cultivars often sup-
port more clover in New Zealand, there 
are no reports of breeders targeting clover 
compatibility as a breeding objective. 
In situations where animals are offered 
only a partial pasture diet the nutritional 
requirements from pasture are likely to be 
considerably different to those demanded 
from 100% pasture feeding. In situations 
where nutrient-rich supplements are fed, 
the yield of ryegrass is likely to be even 
more paramount than its quality when 
compared to a situation where pasture is 
the sole diet. 
The development of an effective farm-
ing system seldom relies upon a single 
ryegrass type over the whole farm, as 
farmers continually manipulate a broad 
range of pasture, supplementary crop and 
feed purchase options to provide a contin-
uous cost-effective seasonal flow of feed to 
match the animal feed demands. This may 
involve a range of ryegrass types on differ-
ent areas of the farm, pure or in legume 
mixtures, combined with supplementary 
feed crops such as brassicas or maize, 
often backed up by more expensive feed 
purchase options. Systems like this make 
ryegrass trait prioritisation more difficult 
than for simpler farm systems. 
Trait prioritisation
To place an economic priority on each 
trait in a breeding programme requires 
knowledge of their relative value in farm 
systems. The relative economic value of 
various factors will usually coincide with 
the management factors that farmers have 
identified as important drivers of their 
production. In many cases the impact of 
management will be much larger than 
the magnitude of any genetic advance but 
small genetic advances can often be magni-
fied by on-farm management. Economic 
weights have been developed for impor-
tant production factors in the context of 
the Irish dairy industry (McEvoy et al. 
2010). Converting farm economic weight-
ings to ryegrass trait priorities will be easier 
to determine for farms using pure ryegrass 
swards than those using clover mixtures or 
supplementary brassica crops. 
Once the economic priority for each 
trait has been determined the breeder 
must then balance these against the genet-
ic variation, heritability and likely progress 
that can be made. Some traits may be 
particularly difficult to improve through 
lack of genetic variation, lack of a suitable 
selection methodology or, indeed, lack of 
funds. Detailed sustained research and 
focus may be required on such traits in 
order to make useful progress (Parsons 
et al. 2010). 
In the end though, the breeder has to 
develop a cultivar with a strong overall 
balance of traits, none of which can be 
deficient.
Future breeding opportunities
A wide range of traditional breeding meth-
ods are employed by ryegrass breeders, 
including recurrent selection, mass selec-
tion of ecotypes, tetraploidy, hybridisation 
between elite cultivars, introgression of 
“new” germplasm, and hybrid production 
involving male sterility, to name a few. As 
breeding is a long-term process it is possible 
to predict, with some accuracy, potential 
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cultivar releases in the next 10 years as 
breeding programmes have already com-
menced. Genetic progress over this period 
is likely to be similar to that in the past, 
with much slower progress possible in the 
more complex ecosystems of mixed swards 
than with pure ryegrass systems. 
Fescue introgression to enhance genetic 
variation
One of the more interesting breeding 
opportunities for perennial ryegrass 
improvement is to extend the genetic 
variation available to ryegrass breeders 
by introgression of chromosome segments 
or genes from closely related Lolium 
and Festuca species. This added genetic 
diversity opens prospects of making more 
progress in breeding for certain traits 
than is possible within perennial ryegrass 
alone. Much of this work has been led by 
Humphreys et al. (2006) and colleagues at 
IBERS in the UK. The similar, but more 
general, approach of crossing Lolium and 
Festuca species to develop Festulolium 
has been undertaken by many breeders. 
With the knowledge gained, there is now 
significant potential to use introgression 
breeding from closely related Festuca 
species provided funding is maintained. 
The role of genetic modification
Genetic modification (GM) is now becom-
ing widespread in many major crops 
throughout the world with a number of 
valuable traits available. Indeed it is clear 
that GM is expanding into more crop spe-
cies and more regions of the world and 
involving a greater range of useful traits. 
As yet there has not been a release 
of any genetically modified forage grass, 
although a number of research projects 
are underway. These include such targets 
as improved quality through increased 
fibre digestibility, reduced lignin, increased 
condensed tannins, increased fructan 
accumulation, increased lipid concen-
tration, improved salt tolerance, as well 
as increased drought tolerance (Smith, 
Spangenberg and Stewart 2007; Puthigae 
et al. 2010). Field trials have been carried 
out with ryegrass plants in Europe, USA 
and Australia (Badenhorst et al. 2010).  
Improved animal production from 
ryegrass pastures will require the use of 
appropriate genes. However, it is difficult 
to find valuable single or multiple genes 
due to the complexity of pasture, rumen 
digestion and animal production systems. 
One of the barriers to the use of geneti-
cally modified perennial ryegrass is likely 
to be public acceptance. However, this 
lack of public acceptance seems unjus-
tifiable when GM-based medicines are 
widely used (and demanded), garments 
based on GM cotton are widely worn, 
and many of the existing GM crops, such 
as maize, soybean and cotton seed, are 
already imported and used in forage sys-
tems internationally, even in some juris-
dictions where GM crops are not grown.
Perhaps the greatest barrier to the 
introduction of GM forage crops is simply 
economic, in that investment in forages is 
limited by the scale of the seed industry, 
and GM regulatory processes pose an 
enormous economic limitation (Stewart 
and Woodfield 2009). 
In the future, it is likely that research 
will continue with genetic modification 
in some jurisdictions although only a few 
of the current GM traits under investiga-
tion are likely to be of value on farms and 
result in commercial cultivars. Greater 
investment will be required in this area in 
order to incorporate genes of known value 
currently in use in other crops.
Funding of ryegrass breeding
In many parts of the world Government 
investment in breeding of forage plants is 
becoming more limited and breeding is 
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being left increasingly to seed companies. 
The seed industry has a very limited scale 
when compared to livestock industries. To 
put this in perspective it only requires 150 
m2 of ryegrass seed crop to maintain the 
average Irish dairy farm when pasture is 
renewed at the current rate of 2% annu-
ally (O’Donovan et al. 2010). The total 
amount of ryegrass seed used in Ireland 
annually could be grown on 2000 ha, which 
represents only a few large seed production 
farms in Oregon or New Zealand. Although 
small, it is crucial that the seed industry 
remains viable as it is not only responsible 
for delivery of seed but also for funding the 
majority of ryegrass breeding. This means 
that investment in breeding will be subject 
to the economic success of the companies 
involved and is unlikely to increase. Indeed, 
continued changes in the seed industry 
could even leave many ryegrass breeding 
programmes vulnerable in the future. 
Limited funding may also mean that 
investment is unlikely to be focussed 
on necessary long-term breeding pro-
grammes, or the more expensive DNA-
based technologies. These technologies 
offer breeders a wider range of methods, 
many enabling very precise knowledge of 
genetic systems. Many of these methods 
require expensive research to implement 
and ryegrass breeders look forward to the 
day when they can afford to measure large 
numbers of plants. The best example of 
these technologies is that of molecular-
marker assisted selection but it is fair to 
say that ryegrass breeders are only begin-
ning to use these tools.
It is also likely that a greater discon-
nect will emerge between practical field 
breeding, carried out by seed companies, 
and the greater concentration of academic 
laboratory-based high-tech DNA research 
promoted within state-funded research 
institutes. Unless viable linkages can be 
made between seed companies and these 
research institutes, DNA-based technolo-
gies are unlikely to contribute greatly to 
future cultivar improvement.
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